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PREFACE

This report presents the rexults of o linnted
subjcctive cvaluation ol an aircrew protection
cnsemble, the Tactical Flight Combat Suit (TFCS),
with comparison o an airccew pressurc breathing for
g’s cnscmble lown in the F-16 aircralt. The TFCS was
intended to protect aircrew members from high
sustaincd positive acccleration (g), cold water
immersion, and hcat stress. Testing was conducted at
the Air Force Flight Test Center (AFFTC) by the F-16
Combincd Tcst Force using an F-16B aircraft. The

Human Systems Division, Brooks AFBR, Tevas,
requested testing ol the TECS in the =168 through
Program Introduction Document P-88-07-05, 24 June
1988, and testing was conducted in accordance with
AFFTC Test Information Sheet FA-1016 (Relerence
1.

Thanks to Dorothy Coughlin for all her assistance
in the preparation of this technical report.
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EXECUTIVE SUMMARY

This report presents the results of a limited
cvaluation of the Swedish developed Tactical Flight
Combat Suit (TFCS). The TFCS was subjectively
comparcd 10 the unique pressure breathing for g's
(PBG) cnscmble, the F-16/PBG. A total of five
F-16/PBG cnscmbles had previously been produced
cxclusively for the F-16 Combined Test Force (CTF)
10 usc in support of high-g loads and pcrformance
missions in the F-16.3This test was conducted to
cvaluate the advantages and disadvantages of the
TFCS, in comparison to the F-16/PBG, in thc 9 g

cnvironment of a high performance fighter aircraft, .

Ground and flight ¢cvaluations were conducted by the
F-16 CTF atthe Air Force Flight Test Center (AFFTC),
Edwards AFB, California from 21 Junc 1989 10 24
August 1989 at the request of the Human Systems
Division (HSD/YAL), Brooks AFB, Tcxas. There
were ifteen flights required to complete the test.

The TFCS uscd in this test was an integrated life
suppornt cnsemble designed to provide pilots protection
from sustaincd high-g, cold water immcrsion, and
temperature stress. Components of this modular flight
cnscmble included a unique lightweight helmet, low
profile high pressure oxygen mask, an intcgrated full
coverage anti-g and immersion suit, hoses for suit
ventilation, weawr protective trousers, and a specialized
anti-g/survival vest,2The F-16/PBG, a modificd
derivative of an cnsemble previously tested at the
AFFTC, was a onc-picce flight suit with standard
anli-g suit bladder coverage over the lower body, chest
counterpressure bladder coverage over the upper torso,
and a unique mask and hclmet designed to protect
pilots from sustained high-g only. The test aircraft was
a two-scat F-16B, USAF S/N 81-0816, modilicd to
accommodate cither the TFCS or the F-16/PBG. The
overall objcclive was 10 subjectively cvaluate the

TFCS in a high-g cnvironment, Ground test ohjectives
included assessing the TFCS for casc of donning and
doifing, mobility, comfort, cockpit ficlds of view, ind
functional compatibility with the F-16. Flight test
objectives included cvaluating the TFCS for anti-g
protection, assessing operational cockpit ficlds of
view, cockpit compatibility, and comfort.

The objectives of the TFCS tests were met. In
general, the TFCS was more cffective than the
F-16/PBG in providing aitcrews anti-g protcction in
the sustaincd high-g cavironment. Tt was a significaat
improvement over the standard issuc anti-g suil
(CSU-13B/P). The TFCS was bulkicr and more
restrictive of movement than the F-16/PBG. With
design improvements around the joints and waist,
frccdom of movement could be comparable (0 the
F-16/PBG. Despite the TFCS vapor barricr, the two
ensembles caused comparable levels of sweating, duc
1o the cffectiveness of the ventilauon system of the
TFCS. Overall, pilots rated the TFCS helmcet and mask
betier than the F-16/PBG helmet and mask. The TFCS
system offered improved ficlds of view, greater noise
aucnuation, and both clear and tinted visors. The TFCS
lacked the desirable automatic mask tensioning system
presentin the F-16/PBG helmet and mask. This fcature
improved mask comfortin-Might because the mask was
automatically tighiencd 1o the pilot's face during
periods of high-g. A significant finding of this test was
that anti-g and anti-cxposurc (immersion) suit [caturcs
may be successfully incorporated into one flight
cnscmble. The USAF should pursuc the development
of a {light enscmblc that combines anu-g and
anti-cxposurc protection for use by fighter pilois Mying
in conditions that currcntly require the usc of the
CW-21/P anti-exposurc suilt.



This page intentionally left blank.

.

vi




TABLE OF CONTENTS

PREFACE
EXECUTIVE SUMMARY
LIST OF ILLUSTRATIONS
LIST OF TABLES
INTRODUCTION

General

Background

Test Item Description

Test Objectives

Constraints and Limitations
TEST AND EVALUATION

Test Results

Ground Test
Flight Test

CONCLUSIONS AND RECOMMENDATIONS
REFERENCES
APPENDIX A - TFCS AND F-16/PBG SYSTEMS DESCRIPTION
APPENDIX B - AIRCRAFT CLASS 11 MODIFICATIONS
APPENDIX C - FLIGHT TEST MATRIX AND PROCEDURES
APPENDIX D - SUBJECTIVE QUESTIONNAIRES AND RESPONSES
LIST OF ABBREVIATIONS
DISTRIBUTION LIST

vii

15
19
21
23
45

63
81
83



This page intentionally left blank.

viii




LIST OF 1L LUSTRATIONS

1 Tactical Flight Combat Suit 3

2 Prc-IFlight Inspection in the TFCS O

. 3 TFCS Rear Cockpit Strap-In 9
4 TFCS in Rear Cockpil e [ ¢
. 5 Front Cockpit Ficldsof View -PilotOne . . . . . . . . . . . . 1l
6 Rcar Cockpit Ficlds of Vicw - Pilot One T
7 Fromt Cockpit Ficlds of View - PilotTwo . . . . . . . . . . . . 13
8 Rear Cockpit Ficids of View - Pilot Two e
9 Uninflatcd TFCS . . . . . . . . . . . . . . . . . .. . 1
10 Inflated TECS . . . . . . . . . . . . . . . . . .. . . 18

APPENDIX A

Al Front View of TFCS and F-16/PBG Helmet/Masks . . . . . . . . . 26
A2 Oblique View of TFCS and F-16/PBGHelmets . . . . . . . . . . 27
A3 Bouom Vicw of TFCS and F-16/PBG Hclmeis A
Ad TFCS HelmeyMask Asscmbly - From . . . . . . . . . . . . . 29
AS F-16/PBG Helme/Mask Assembly - Front . . . . . . . . . . . . 30
A6 TFCS HehineMask Assembly - Right View . . . . . . . . . . . 3l
AT F-16/PBG HelmeyMask Assembly - Right View . . . . R ¥
A8 TFCS HelmeyMask Assembly -Leu View . . . . . . . . . . . . 33
A9 F-16/PBG Hclmct/Mask Asscmbly - Left View . . . . . 1
Al0 Ovcrlay of TFCS and F-16/PBG Masks P
All FA6/PBG-From . . . . . . . . . . . . . . . . . . . . 3
Al2 Pilot Donning Anti-g/lmmersion Suit of TFCS P
- A3 TFCS Versus Conventional Anti-g Suit Bladder Coverage . . . . . . . 39
Al TFCS Anti-g/lmmcrsion Suit and WPT - Front - 14
Y AlS TFCS Anti-g/lmmersion Suit and WPT - Back - 1
Al6 TIFCS Suit Componcnts - Back B ¥
Al Tactical Flight Combat Suit with Ventilator - X




LIST OF ILLUSTRATIONS (Concluded)
Figure Title Page No.
APPENDIX B

B1 Front Cockpit Location of the PBG Electrical “On/Off" Switch and

Mcchanical Conrol Valve . . . . . . . . . . . . . . ., .4
B2 Flexible Senseline in Cockpit -
B3 Ventilator Fan and hose in Front Cockpit - 1)
B4 Ventilator Fan and Hose inRearCockpit . . . . . . . . . . . . .50 )
BS Installation of the FleischFlowMeter . . . . . . . . . . . . . .8l
B6 Cockpit Location of LIFEDATA CircuitBoardBox . . . . . . . . .53
B7 Cocipit Location of LIFEDATA SonyRecorder . . . . . . . . . .54

LIST GF TABLES

Tile

Summary of Ground Test Results Compa.nng TFCS
with the F-16/PBG .

Summary of Flight Test Results Companng TFCS
with the F-16/PBG . .

APPENDIX B

Aircraft Class |1 Modification Componcnts

Aircraft Data Tape Codes and Paramelers

APPENDIX C

Test Flight Matrix

APPENDIX D

Evaluation of Sysiecm Design and Integration
Qucstionnairc - Response Summary

TFCS Functioral Evaluation Questionnaire
Responsc Summary (Both Pilats)

Flight Test Questionnairc - Responsc Summary




INTRODUCTION

GENERAL

This report presents the results of a limited
subjective evaluation of the Tactical Flight Combat
Suit (TFCS). Testing included comparison of the
TFCS with a pressurc breathing for g (PBG) protection
cnscmble (F-16/PBG) being uscd by the F-16
Combined Test Force (CTF) in an F-16C at the Air
Force Flight Test Center (AFFTC). The TFCS, a
Swcdish devcloped modular flight cnsemble, was
designed to protect pilots from sustainced high positive
acccleration (g), cold watcr immersion, and hcat stress.
The Swedish Air Force had Nown the TFCS to 8 g's.
The F-16/PBG was developed by the United States Air
Force (USAF) from onc of three ensembles previously
tested at the AFFTC (References 2 and 3). This unique
PBG flight ensemble was made oxclusively for the
F-16 CTF and consisted of a one-picce flight suit and
a uniquc mask and helmet designed to protect pilots
from sustained high-g. The F-16/PBG fcatured
standard anti-g suitbladder coverage Lo the lower boddy,
but added chest counterpressure bladder coverage o
the upper torso for assisicd PBG. The Human Systems
Division (HSD/YAL), Brooks AFFB, Tcxas, had
requested this test 1o cvaluate the TFCS ina 9 g
cnvironment in comparison with the F-16/PBG.

Ground and flight tcsts were conducicé by the
F-16 CTF at the AFFTC, Edwards AFB, California
from 21 Junc 1989 10 24 August 1989, A (wo-scal
F-16B test aircralt (USAF S/N 81-0816) was modified
10 accommodate cither the TFCS or the F-16/PBG.
Front cockpit modifications included a modificd
g-valve conncector, positive pressure breathing sysiem,
and a venulation system. Rear cockpit modifications
included a LIFEDAT A system (described in Appendix
B) in addition o thosc listed foc the front cockpit.
Fiftcen flights were required to complete the test.
Testing the TFCS included donning and doifing,
mobilitly, aircrew comfort, ficlds of view, anti-g
prolection, fatigue, and cockpit compatibility. Tests
were accomplished in accordance with the Test
Information Sheet FA-1016 (Relcrence 1).

BACKGROUND

During flight in modern high performance aircraft,
pilots arc often ¢xposed to hazardous environmental
conditions such as reduced pressure, hypoxia,

icmperature extremes, and high positive g torees.
Technological advances have minimized, but not
climinated, the scverity of aircrew exposurc to many
of these hazards (References 4 and S). Additional
improvements arc nceded to further improve pilots’
physiological performance and reducc risks associated
with flying high performancc aircraft. Advances have
alrcady been made in improving anti-g protection and
in modifying oxygen systems, and these advanced
technologics have reccived limited aircraft testing
(References 2, 3, and 6).

Recently, the USAF has emphasized improving
anti-g suit cffcctivencss by increasing body surface
arca coverage and by providing lifc support hardwarce
for assisted positive pressurc breathing for g's. Other
iir forces are likewisc investigating methods (or
sovancing life support technology 1o increase pilows g
towcrance. Ensemblcs are being developed to provide
maximum anti-g coverage (0 the lower body and
incrcascd brecathing gas pressures (up 1o 60 millimeters
of mercury), delivered to the lungs in conjunction with
chest counterpressure provided from an anti-g vest.
The cffect gained would be balanced internal and
extermnal chest pressure, resulting in improved sysiemic
hemocirculation and incrcased blood-axygen
saturation.

The TFCS tested was an integrated hfc suppen
cnsemble designed 1o provide pilots protection {rom
sustained high-g, cold water immersion, and
tcmperature stress (Reference 7). Because Swedish
Air Force pilots frequently Ny their high performance
fighter aircraft (tcn oul of twelve months) while
wearing their anti-cxposurc (immcersion) suit, the
Swedish Air Force combincd the anti-g suit with the
anti-exposurc suit (the TFCS). The USAF did nothave
nrotective gear that combincd anti-g and anti-cxposure
protcction in onc flight cnscmble. The USATF ight
gear which camc closest to the capability of the
Swedish TFCS was the Tactical A Force (TAF)
anti-cxposurc “poopy” St (CW-21/P) designed to be
worn undcr the standard anti-g suit. In this cnsemble,
tactical pilots receive the standard 1950°s anti-g
protection to the lower body, no ventilation to reduce
hcat stress, and no assisted positive pressurc breathing
10 enhance g tolerance. For this rcason, and the fact




that U:c Tactical Air Command (TAC) continucs 0
report Class A mishaps duc to g-induced loss of
consciousness (GLOC), HQ/TAC requested that the
USAF dcvclop an improved anti-g protection
erscmble. This test of the Swedish TFCS provided
information for development of a USAF system.

TEST ITEM DESCRIPTION

The modular TFCS was designed to maximize
pircrcw protection up to 9 sustained g's, provide
protection from cold water exposure, and prevent heat
stress during extended wear. Components of the TFCS
included a unique lightweight helmet, low profile high
pressurc oxygen mask, an integrated full coverage
anti-g and immecrsion suit, hoses for suit ventilation,
wear protective trousers, and a specialized
anti-g/survival vest.  Figure 1 shows the TFCS
cnsemble.  THustrations showing a pilot in varying
stages of dress in the TFCS ensemble are presented in
Appendix A. Inflation of the anti-g/survival vest, for
providing chest counterpressure, was controlled by an
on/olf switch locatcd on the cockpit pancl. With this
swilch in the “on” position, the vest was pressurized
with brcathing gas from the oxygen regulator, inflating
the air bladders in the anti-g vest at aircraft g levels
greater than five. When this swilch was in the “off™
position, the vest did not infate at any g level, and the
cnscmble functioned as a conventional anli-g suit.

An F-16B (S/N 81-0816) aircralt was uscd for this
test. Both cockpits were modificd 10 provide aircrows
with PBG, a Flcisch mctcr to mcasure breathing gas
Now, and a blower for Night suit ventilation. In
addition, the rcar cockpit was modified Lo
accommodate a stand-alonc physiological data
acquistion system ermed LIFEDATA (Appendix B).
Dita from the Fleisch flaw meters and LIFEDATA
were provided 10 USAFSAM/VNL, Brooks AFB,
Texas, and the Swedish Air Force for analysis. The
gircraft was (lown only with wingtip missilcs to
maximize suctained 9 g levels. A more detailed
description of the aircraft Class 1! modification is
presented in Appendix B.

TEST OBJECTIVES

The overall objective was 10 subjectively evaluate
the TFCS in a sustained high-g operational
chvlroniment in comparison to the F-16/PBG. Specific
ground Lcst objectives were o cvaluate:

1. casc of donning and doffing,

2. mobility during cockpit ingress and cgress,
3. pilot comfort during prcflight inspection,

4. fields of vicw inside both cockpits, and

5. functional compatibility with the F-16.
Specific flight test objectives were to cvaluatc:
1. anti-g protection,

2. ficlds of view outside both cockpits,

3. comfort in Night,

4. capability 10 perform routine and simulawed
combat flight operations,

5. the TFCS ventilation sysicim, and

6. 10 colicct inflight physiological data for
analysis by medical expents from Brooks AFB, Texas,
and the Swedish Air Force.

CONSTRAINTS AND LIMITATIONS

Nonavailability of somc TFCS componcnts and
sizcs made itimpossible o properly fititwo of the three
AFFTC st pilots. Pilot B did not have a custom it
TFCS ensemble, so he used one of the Swedish pilots’
TFCS mask and helmet, and another's TFCS garment.
This AFFTC pilot wore his F- 16/PBG mask and heimet
with the TFCS garment when he flew in the front
cockpit, and this Swedish pilot was in the rear cockpit
during the samc test flight. Pilot C had a custom fit
TFCS garment, but was unable to attain an airtight scal
with the TFCS mask cven though he had previously
been measured and fitcd by Swedish life support
personncl. Components necded 1o modify the mask to
achicve the proper mask fit for pilot C were no
available at the AFFTC. Thercfore he uscd his
F-16/PBG mask and h¢imet with the TFCS garment in
place of the TFCS mask and hclmet.

The TFCS had four basic feawures. It featured
improved anti-g capability, assisted positive pressure
breathing for g proteclion, anli-cxposurc protection,
and air ventilation to prevent heat stress. The onc-
picce F-16/PBG had onc additional fcaturc that was




different from the standard anti-g suit. It had assisted
positive pressure breathing for g protection. The TFCS
was significanlly more complex and had more
components than the F-16/PBG, and this differcnce
should not be lost in the analysis comparing the

[ Wear protective trousers

comfort and mobility of thc two cnscmbles.  The
configuration of the cnsembles would have been inore
cqual if the test subjects could have worn the CW-21/P
“poopy™ suit under the F-16/PBG. Poopy suils were
not available to usc with the F-16/PBG.

T "Anti-g suit hose ]

Figure 1 Tactical Flight Combat Suit
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TEST AND EVALUATION

Ovecrall the test activities consisted of subjectively
cvaluating the Tactical Flight Combat Suit (TFCS)
during aircraft ground operations and during 11 sorties
which cmphasizcd sustained high-g (cst points and
acrial combat mancuvers/basic fighter mancuvers
(ACM/BFM).

Three AFFTC pilots qualified and experienced in
pressure breathing for g's flew the TFCS in varying
configurations. Pilot A had a well-fitted, customized
TFCS cnsemblc. Pilot B had not been scheduled
carly-onasoncof the AFFTC test pilots supporting this
test. As a result, a customized TFCS was not available
for his usc. Pilot C had previously been measured for
a complete customized TFCS. Hc was, however,
unablc to atwin a proper mask fit/scal whilec wearing
his TFCS mask and helmet so he wore his F-16/PBG
mask and hclmet instead.

Ground 1esting of the TFCS was performed o
cnsure cockpit compatibility prior to flight test. Two
AFFTC pilots tested the TFCS for system design
during preflight inspection of the aircraft and assesscd
ils integration within the cockpit. Each pilot asscsscd
the following:

1. casc of donning and doffing,

2. mobility during preflight inspection and
cockpil ingress/egress,

3. comfort with respect 10 heat, pinching, or
binding points,

4. ficlds of vicw inside front and rear cockpits,

5. visor distortion, glare, and reflcction, and

6. the ventilator, g-valve, and oxygen regulator.

Each AFFTC pilot flew at Icast onc familiarization
(FAM) sortie wearing the TFCS to become familiar

with the cnsemble in the F-16 cockpit prior 1o
participating in the sustaincd high-g test flight profiles.

The flight test maurix and {light test profiles arc shown
in Appendix C.

The intcat of the test matrix was Lo excreise the
TFCS in the sustaincd high-g and ACM/BFM flight
environments. This allowed the pilots, based on their
eaperience flying in thc F-16/PBG, to asscss their
performance in the TFCS relative to the F-16/PBG
under high-g conditions, where combal suits would be
nccded most. The following were evaluated in flight:

1. fit,

2. reach and mobilty,

3. comfon,

4, ficlds of view inside and outside the cockpit,
5. visor distortion, glarc, refiections, and

6. anti-g protcction.

Pilots compleied subjective questionnaires
following cach flight. The gqucsuonnaircs and pitot
responscs are included in Appendix D.

TEST RESULTS

The objectives of ground and flight tests were met.
In gencral, the TFCS was morc cffective than the
F-16/PBG for providing aircrews anti-g protection in
the sustainad high-g environment. The TFCS provided
significant improvement inanti-g protection relative to
the standard (CSU-13B/P) anui-g suit. The USAF
should develop a full coverage anti-g suit for pilols
fying in high performance aircraft. (R1) !

While pilot conscnsus was that the TFCS was
more effective than the F-16/PBG in sustaincd high-g
cnvironments, it was bulkicr and morc restrictive of
movement than the F-16/PBG. With design
imprcvements around the pilot’s joints and waist,
freedom of movement could be comparable to the

" Numenals preceded by an R within pareathescs at the end of a paragraph correspond 1o the recommendation numbers tabulated 1n the
Conclusions and Recommendations section of this repon.




F-16/PBG. Despite the TFCS vapor barmicr, the two
ensembles caused comparable levels of sweating, due
to the cffectiveness of the ventilation system of the
TFCS. Ovenall, pilots rated the TFCS helmet and mask
slightly beuer than the F-16/PBG helmet and mask,
The TFCS system offered improved ficlds of view,
greater naise attenuation, and both clear and tinted
visors. The TFCS lacked the desirable automatic mask
lensioning system present in the F-16/PBG helmet and
mask. This fcawre improved mask comfort in flight,
because the mask was automatically tightencd to the
pilot's face only during periods of high g. A significant
finding of this test was that anti-g and anti-cxposure
suit fcatures may be incorporated successfully into a
singlc cffective flight enscmble. The USAF should
pursuc the development of a flight ensemble that
combincs anti-g and anti-cxposurc protection for use
by fighter pilots flying in conditions that currently
require the use of the CW-21/P anti-cxposurc suit,
(R2)

(Ground Test:

Table 1 summarizes pilot subjective evaluations
madc during ground testing of the TFCS in comparison
10 the F-16/PBG. Ground icst questionnaire responses
arc presented in Appendix D,

Putting on the TFCS for the first time was difficuh
duc to the unfamiliarity and bulkincss of the ecnscmble.
The subjective ratings in Table 1 rcgarding the
donning/doffing of the TFCS were made shortly aficr
the pilots first aucmpted wearing the protective gear.
Atthe end of the flighttest, the puots were donning and
doffing the TFCS casily, usually within five 1o tcn
minutes.

The fact that the pilots rated the F-16/PBG betier
rclative to the TFCS for aonning and doffing was
anticipated becausc of the complexity of the TFCS. It
had more {caturcs and components, and was, therefore,

Table |

SUMMARY OF GROUND TEST RESULTS
COMPARING THE TFCS WITH THE F-16/PBG

F-16/PBG TFCS
Evaluation Area Better Equai Better
Donning/Dolfing
- Anli-gimmersion suit X
- Jligh boots X
- Anti-g vest X
« Helmet and mask X
- Parachule hamess X
Mobility
- A/C prefight X
- Ingress and cgress X
Comlon
- Qutside cockpit X
- Inside Cackpit X
- Pinching end binding X
- Swcatng X
Field of View X
Visor
- Disionion X
- Glare ot reflection X
Accepuability for I'light X




more complicated 0 wear, Because the TFCS was
fited snugly for maximum effectivencss, it was
difficult to flex and extend the joints. For this reason,
Might boots were more difficult to put on and lace up.
The anti-g vest, worn over the immersion suit, waseasy
1o don and doff,

While pilot A cxpressed no problems with
donning the TFCS helmet, pilot B, who sharcd a TFCS
helmet and mask with a Swedish pilot, reported
difficulty in donning the TFCS hclmet. Donning the
[FCS helmet was accomplished by using the thumbs
to spread the opening of the helmet at the edge of the
carcups and moving the helmet forward in an oblique
back-to-front plauc, rather than in the top-to-bottom
plane as was customary with the F-16/PBG hclmet.
The TFCS helmet was specifically designed to fit
snugly against the angle of the jaw and bencath the car
to prevent it from being pulled from the pilot’s head
under wind blast typical of ejection. It lacked a chin
strap for sccuring it to the pilot’s hcad (scc Appendix
A, Figurc A3). Pilot A, fitted with his own TFCS
helmet, four ' it was better than his F-16/PBG helmet.
Both pilots found the TFCS mask morc comfortable
than the F-16/PBG mask.

Pilots had to adjust the r parachuic hamess when
donning it over the bulkicr TFCS. Thc cnsemble’s
restrictivencss made preflight ground inspection of the
aircraft, cockpit ingress and cgress, and movement
within the cockpit more difficult than when wearing
the F-16/PBG. Pilot A expcricnced discomfort in the
knees when inspecting the aircraft wheel wells (Figure
2). During ingrcss, restriction in range of motion at the
knee joint made it difficult for the pilots to prevent their
boots from hitling the instrument pancl. In the cockpit,
upper torso rotation and suit bulk made it difficult for
the pilots o conncct their anti-g and ventilation hoscs.

The pointof attachment of the oxygen supply hose
10 the TFCS anti-g vest interfered with the parachute
hamncss chest buckle during strap-in. Dependent upon
torso length and personal preference, pilots had 10
cither fasten the parachute hamess buckle under orover
this vertical oxygen tube (Figurc 3). Figurc 4 shows
the parachute harmncss buckled under the vertical
oxygen tube to the anti-g vest. Furthcrmore, the fixed
hose attachment to the anti-g vest was located tooclose
to the chin, causing intcrference with hcad movement
(Figure 4). The F-16/PBG had a swivel conncclion
located lower on the chest and further away from the

chin, allowing for less restraincd oxygen hosc and head
movements.

Conncction fittings for attaching the oxygen hosc
to the anti-g vest and mask should swivel and be
relocated further away from the chin.  This would
reduce the likelihood of the hose interfering with head
movement. USAF pressure breathing for g protection
developmental programs should make the vertical
oxygen hosc anti-g vest atachment a swivel type
connection located away from the pilot’s chin. (R3)

The profile of the TFCS mask allowed pilots a
slightly larger ficld of view within the cockpit relative
to the F-16/PBG mask. Figurcs 5 and 6 illustratc a95th
percentile (sitling height) pitot's front and rear cockpit
ficlds of vicw 1cspectively, while sitting at his usual
in-flight scat position, looking at th¢ HUD, and
wearing the different masks. The arcas under the hash
marks dcnote arcas obscured from the pilots vicw by
the mask. Similarly, a §6th percentile (siting height)
pilot drew his front (Figurc 7) and rcar (Figurc 8)
cockpit fields of view while wearing the two differemt
masks. Again the arca under the hash marks denotes
areas obscurcd from vicw by thc masks. Both pilots
indicated that the TFCS mask improved cockpit ficld
of view. Howcvcr this improvement was somewhat
offsct by the bulk of the wear protcctive Lrousers worn
over the anti-g/immersion suit, which slightly obscurcd
the view of the landing gear handlc and some of the
cockpit caution lights. No glarc or reflections were
causcd by the test items during ground testing., When
the pilots performed the emergency ground cgress
procedures, they reported that the difficulty of cgress
was similar for the two suits. All quick disconnccling
lincs functioned properly, and poscd no apparcnt safcty
hazard to the aircrews which could occur in the cvent
of an actual ground cmergency.

Becausc the F-16/PBG was Iess restricive and tess
bulky, it was morc comfortable than the TFCS when
wearing it outside the cockpit. No uncomflonablc
binding or pinching points were noted while wearing
the TFCS in the cockpit. The TFCS and F-16/PBG
were considercd to be cqually comiortable in the
cockpit. Despite the added vapor barricr componcnt
layer of the TFCS, perceived level of sweating was the
same with both ensembles. The blower (ventilator)
ventilated the TFCS cffcctively, in gencral circulating
cool air to the body and improving thc overall comfon
expericnced with the TFCS. Although cooling air was
distributed to all parts of the body, swcating was more
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noticcable in the lower abdomen, back, and arms. The
blowcer did not distract the pilots during ground testing.
All TFCS sysicm componcnts functioned properly in
conjunction with the aircraft Class Il modification in
both cockpits.

Flight Test.

Table 2 summarizes the pilots’ subjective
cvaluations of the TFCS relative to the F-16/PBG
during (light test. Responscs to flight test
questionnaires arc presented in Appendix D.

Three AFFTC (cst pilots (lew the TFCS in the test
aircraft. Of these three, pilots A and B fiew the TFCS
in both the front and rear cockpits. Piloi C flew in the
front cockpit only, wcaring the F-16/PBG hclmet and
mask and the TFCS garment because he was unable 1o
obtain a proper oxygen mask-to-face scal with the
TFCS mask.

The most favored feature of the TFCS was its
effective anti-g protection. Even though the flight test
profiles (secc Appendix C) included a number of
sustaincd h:gh-g points, pilots returned 10 basc fecling
only slightly fatigued. The piluts reporicd no tunncl
vision at any test point when the assisted positive
pressure breathing sysiem was operating correctly.
Pilots B and C rcported expericncing tunncl vision, up
10 50 percent and 20 pereent respectively, during the 7
gpointof the g warm-up mancuver, All pilots returned
tobasc fccling slightly fatigued, although cach asscricd
that he felt significantly betier than he would have

without the benefit of assisied posilive pressure
breathing for g's.

) The pilots who wore the complcte TFCS cnscmble
found the TFCS helmet and mask provided beuer
ovcrall visibility rclative to the F-16/PBG heimet and
mask. Noisc aticnuation provided by the TFCS
carcups and helmet, even without using the foam car
inserts for noise protection, was highly cffective.
During test flights, the pilots found thc usc of foam car
defenders unneccssary, and they were not used. Pilot
A (cltthe TFCS helmet was morc comfortable than the
F-16/PBG helmet, whilc pilot B rated them about the
same. Pilot C never wore the TFCS helmet or mask.
Pilot A was thc only AFFTC pilot to fly with a
customized TFCS helmet and mask.

Unlike the F-16/PBG hclmet, the TFCS helmet
lackcd an automatic mask tcnsioning system for
tightening the mask o the face during periods of
susiained high g. Although the TFCS mask was ratced
beter overall, the lack of an automatic mask tensioning
acvice made it impossiblc to achicve a balance
between com(ort and fit to prevent breathing gas Jeaks
athigh g's. USAF pressure breathing for g protection
dcvclopmental  programs should include the
incorporation of an automatic oxygen mask tensioning
systcm. (R4)

Bulkincss was the greatest drawback of the TFCS,
causing annoyanccs in scveral arcas, but it did not
interfere with the pilot’s ability 10 safely operale the
aircraft. These arcas of annoyance included restricied.

Table 2

SUMMARY OF FLIGHT TEST RESULTS
COMPARING THE TFCS WITH THE F-16/PBG

F-16/PBG TFCS
Evualuation Arca Better Equal Better
Anti-g Mrotection
- TICS X
Aircrew Pedformance
- Cockpit operation X
Aircrew Comlon
- inching and binding X
- Pelmet and mask X
- liching points X
- Sweating X




torso mobility, limited reach, and control stick
intcrference. While frecdom of movement was more
resvrictive within the cockpit, pilot A found it was
casicr o look over his shoulder to ““check six™ with the
TFCS. Pilots B and C found checking six more difficult
rclative Lo the F-16/PBG. The latter two pilots disliked
thc mobility restriction imposed upon them when
twisting their torso during ACM/BFM. All pilots noted
their rcach within the cockpit was more limited when
wearing the TFCS than when wearing the F-16/PBG.
They found it difficult to operate some cockpit
swilches and controls. Pilot A, who flew with the seat
raiscd ncarly 10 its maximum height, noted that TFCS
right leg garment inflation interfered with the flight
control stick (Figures 9 and 10). When rapidly attaining
and sustaining high-g's, anti-g suit inflation, in
conjunction with the alrcady ballooned wear protective
trousers (due to the ventilation system), caused lateral
stick acflection, resulting in an unexpected right roll.
This phenomenon has occurred in the Tactical Air
Force with pilots wearing the standard issue anti-g suit.
Although undesirable, the pilot compensated for this
deficiency once 1t was identificd.

Similar 10 ground test, the point of atachment of
the oxygen supply hose to the TFCS anti-g vest caused
difficultics for Pilot A, The fixcd oxygen hose
attachment to the anti-g vest, located close o the chin,
caused interference with head movercnts and resulted
in a sharp bend in this hose which caused it to collapse
under high-g. Tape had to be wrapped around his
oxygen hose at this bend 1o prevent it from collapsing
and restricting brcathing gas flow to thc mask under
high-g.

The use of swivel connection fittings for attaching
the oxygen hosc to the anti-g vest and relocation of this
connection o a point further from the chin would
reduce the likelihood of the hose interfering with head
movement and would lessen bend curvatures in the
oxygen hose, thus reducing the tendency for the hose
to collapsc at high-g levels. The USAF pressure
breathing for g protection developmental programs
should make the vertical oxygen hose anti-g vest

attachment a swivel type conncction located away
from the pilot’s chin. (7:3)

The flexible senselines inboih cockpits functioned
correctly after the Class I modification. During the
second flight, the front cockpit pilot noticed lcss
pressure in his PBG mask relative 1o his previous PBG
experience. Aircraft vibration and/or g forces had
caused the senseline in the front cockpit to become
pinched under the map case. To eliminate possible
constriction and loss of signal, future designs should
avoid the use of a flexible pneumatic senseline between
the g-valve and oxygen regulator. (RS) -

Testing showed that pilot comfort in the cockpit
was dependent upon suit fit. While wearing the TFCS,
the pilots noted proper arrangement of their underwear
and flight suit components prior to ingressing the
cockpit was necessary for flight comfort. The TFCS,
particularly its anti-g suit component, covered more
body area with inflatable bladders. The importance of
fit was reflected in the increased bladder coverage.

The air ventilation system of the TFCS was
effective in cooling the pilots, even at lower flow
settings. Although the amount of air delivered 1o the
suit by the blower could be adjusted during flight, most
pilots left the control valve in the fully open position.
Regardless of the flow sciting, pilot observation
indicated that ventilation was not unifonnly distributed
to all parts of the body. This was not objectionable.
Most of the swealing in the TFCS occurred during
ground opcrations prior to closing the canopy. The ‘
significance of this result showed that, relative to heat |
stress, a full coverage anti-g/immersion suit with PBG
capability could be as comforiable as the standard
anti-g suit. The blower itself did not distract the pilots |
in-flight. !

Pilots A and B reportcd that they would use the
TFCS on every high-g or ACM/BFM sortie. Pilot C
preferred his F-16/PBG over the TFCS, because it was
not asbulky and was less restrictive of movement while
in or out of the cockpit.
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CONCLUSIONS AND RECOMMENDATIONS

The overall objective was to subjectively evaluate
the Tactical Flight Combat Suit (TFCS) in a sustained
high-g opcrational cavironment in comparison 10 the
F-16/PBG. This objeclive was fully met by this test.

High-g test flight profiles showed the TFCS was
mor¢ effective in providing pilots enhanced g
protection than the F-16/PBG. The TFCS was a
significant improvement for enhancing anti-g
protection relative to the standard issue anti-g suit.

1.The USAF should develop a full coverage
anti-g suit for pilots flying in high
performance aircraft . (Page $)

A significant finding of this test was that anti-g and
anti-exposure suit features may be successfully
incorporaied into one operationally effective flight
ensemble.

2.The USAF should pursue the development
of aflightensemble that combines anti-g and
anti-exposure protection for use by fighter
pilots flying in conditions that currently
require the use of the CW-21/P
anti-exposure suit. (Page 6)

Putting on the TFCS for the first time was difficult
duc (0 the unfamiliarity and bulkiness of the ensemble.
The TFCS was complex and more time was requircd
todonall itscomponents. However, by the end of flight
test, pilots were easily donning and doffing the TFCS.
Familianity with the TFCS in the cockpit also improved
as the test progressed. Still, the fixed point of
attachment of the oxygen supply hose o the g-vest
interfered with cockpit mobility and head movement
because it was located too close to the pilot’s chin. It
also caused a sharp bend in the oxygen hose, causing
it to collapse under high g's. The F-16/PBG had a
swivel connection which allowed freer oxygen hose
and hcad movement, and was located further away
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from the chin, A swiveling auachment located a little
further away from the chin would reduce the likelihood
of the hosc interfering with head movement or
collapsing during high-g points.

3. The USAF pressure breathing for g
protection developmental programs should
make the vertical oxygen hose anti-g vest
attachment a swivel type connection located
away from the pilot’s chin. (Pages 7 and 16)

There were significant differences between the
TFCS and F-16/PBG masks and helmets. The TFCS
mask itself was rated better overall. The TFCS mask
and helmet provided pilots with an increased field of
view, highly effective noisc attentuation, and both
clear and tinled visors. Unlike the F-16/PBG helmet,
the TFCS helmet lacked an automatic mask lensioning
system for tightening the mask to the face during
periods of high g. This required the pilots to keep the
mask uncomfortably tight all the time in order W
prevent breathing gas leaks at high g.

4. The USAF pressure breathing for g
protection developmental programs should
include the incorporation of an autoratic
oxygen mask tensioning system. (Page 15)

Aircraft vibration and/or g forces caused the
senseline running from the g-valve to the oxygen
regulator in the front cockpit to work under the map
case, pinching the scnseline between it and the aircraft.
Constriction of this scnscline caused a loss of the
pneumatic signal betng sent to the oxygen regulator
which then failed to provide the pilot with proper PBG
protection.

5.To eliminate possible constriction and loss
of signal, future designs should avoid the use
of a flexible pneumatic senseline between
the g-valve and oxygen regulator. (Page 16)
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TFCS AND F-16/PBG SYSTEM DESCRIPTIONS

FUNCTIONAL OVERVIEW OF EACH SYSTEM

The modular Tactical Flight Combat Suit (TFCS)
includcd a lightweight helmet, low profile oxygen
mask, combined ventilated anti-g and immersion suit,
wcear protective trousers, and a specialized
anti-g/survival vest. The F-16/PBG included a
onc-picce flight suit, low profilc oxygen mask, and a
unique helmet, The F-16/PBG fcatured the same
anti-g suit bladder coverage as thc standard
CSU-13B/P anli-g suit worn by USAF pilots {lying
aircraft cquipped with a g-valve. Inflatable chest
bladders were incorporated into the upper portion of
cach ensemble. When at greater than S g's, the oxygen
regulator supplicd assisted positive pressure breathing
gas (o the mask, inflating the air bladdcrs covering the
chest for balanced chest counterpressure.  Both
sysiems provided protcction to aircrews from sustained
high-g.

COMPONENTS

Figurc Al shows a photograph of the TFCS and
F-16/PBG helmets and masks. This comparison of the
hclmeymask assemblies illustrates diffcrences in the
two systems. The TFCS helmet was shorter and wider
than the F-16/PBG. The TFCS asscmbly had standard
offsct bayoncnt connectors to attach the oxygen mask
to the helmet while the F-16/PBG assceably did not.
Also thc mask dropped from the right side (lcft side
hingc) with the TFCS assembly, and the intcrcom cord
was on the Icft, while the mask dropped from the left
side (right side hinge) with the F-16/PBG asscmbly,
and the intercom cord was on the right. Note the single
visor control knob on the F-16/PBG (visor movement
was accomplished on the left) helmet while the TFCS
helmet had symmetrical visor control knobs which
moved two different visors.

An oblique view of cach helmet is shown in Figure
A2. The facial openings, visor adjusting knobs, and
the carcup designs were dilferent for the two helmels.
Also the TFCS helmet lacked a chin strap but had both
clear and tinted visors.

A beitom view (Figure A3) shows that the TFCS
hclmet was slightly shorter than the F-16/PBG helmet
in the front-to-back planc. Also the lower (ront margin
of he TFCS curved inward, providing a snug fit at the
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mandibular angle of the lower jaw. An automatic mask
tensioning bladder was in the back of the F-16/PBG
helmet.

Figurcs A4 and AS show front vicws of a test pilot
wearing the TFCS and F-16/PBG hclmets and masks,
respectively. Mask profiles, microphone and intcrcom
attachments, and oxygen hosc routings were diffcrent
for the two masks. The hosc attaching 10 the left side
of the TF'ZS mask was uscd during tcsting 1o mcasurc
breathing gas pressures in the mask.

Figurcs A6 through A9 show the right and Icft
sides of the two hclmet/mask assemblics. The
diffeience in the (rontal projection of the two masks 18
illustrated in Figure At0. The F-16/PBG mask is
decper and extends further from the (ace.

Tlight suits were significantly different. Figure
A1l shows a test pilot wearing the F-16/PBG. Tiue
uniquc cnsemble, designed to provide pilots protcction
from sustaincd high-g, had laces in the legs and torso
arcas for a snug fit. The suit had the standard anti-g
suit bladder coverage 10 the lower bacly and the hose
which connccted into the g-valve locatcd in the
cockpit. The oxygen hosc conncected 10 the CRU-6(0/P
which was located on the parachute harness. 1t had a
swivel attachment to the anti-g vest portion of the
ensemble that covered the torso enroute 10 the mask,
The anu-g suit functioncd independently of the anu-g
vest and mask below S g's. AL S g's and greater, the
g-valve scnt a propertionalc pncumatic signal to
activate the oxygen rcgulator 0 proportionately
incrcasc breathing gas output w0 the anti-g vest,
automatic mask tcnsioning bladder, and the mask.

The Tactical Flight Combat Suit (TFCS) was a
modular flight suit designed to provide pilots
protection from sustaincd high-g's, cold water
immcrsion, and heat stress.

Pilots wore undcrwcear to protect their skin from
chaffing, and to wick perspiration away from the skin.
Theanti-g/immersion suitcomponcntof the TFCS was
donned first. This component was donned whilc in a
scated position (Figurc Al12). It had anti-g biaddris
incorporated into the impervious laycr of the
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{ ‘_‘, [ Hose for sensing oxygen mask pressureJ

“w

[_Slandnrd off-set buyonet conneclioLI

2| Exhalation port A

o - -
i

Figure A4 TFCS HelmeyMask Assemnbly - Front




L. i}, "
4 '.T
] Visor release I — . Vi

Visor controt knob |,

Exhalation port !

[ Unique mask to helmet attachment - right side hinge |

Hose supplying breathing gas to the
automatic mask tensioning bladder

Figure AS  F-16/PBG Helmet/Mask Assembly - Front
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[ Visor control knob |

g

Exhalation port
e

Figure A6 TFCS Helmet/Mask Assembly - Right View




Visor release

Exhalation port

ﬁnleréom quick-disconnect |

L

[ Unique mask to helmet attachment - r

ight side hinge |

4
b3

Frgure A7 F-16/PBU He!meyMask Asscmbly - Right View




I Visor control knob

i

ﬁntcrcnm quick-disconnect ;

Frroe AN THOS Tlelmer Mask Assembly - Left View




Hose supplying bréathing gas to the
automatic mask tensioning bladder

Figure A9 F-16/PRG Helmey/Mask Assembly - Lelt View




F-16/PBG

Note lower profile near
eye of the TFCS

Figure A10  Overlay of TFCS and F-16/PBG Masks
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Anti-g vest bisdders incorporated into upper portion
of F-16/PBG for chest counterpressure

Swivel attachment of the
oxygen hose to the g-vest

. : . Anti-g suit hose
Ve W

Conventional anti-g suit
bladders in lower garment

Figure A1l F16/PBG - From
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anti-cxposure suit. The anti-g suit bladder covcrage
was greater than that of the standard anti-g suit (Figure
A13). The bootics of the anti-cxposurc suit did not
contain anti-g bladdcrs. Numerous adjustable straps
were localed down the legs for an clfective fit o
maximize anti-g protcction. The plastic bing along
the lateral Iength of the suit provided ventilated air o
the lcgs. Comfornt zippers, opencd when donning the
suit and flight boots, wcre located along the medial
lcngth of each lcg. These zippers were closed prior 10
donning the wear protective trouscrs. To don the upper
portion of the anti-cxposurc suit, the pilot placed his
hcad through a rubberized hole in the central flap of the
suit and zipped it closed (Figurc Al4). Plastic
ventilation tubes were located along the sides of the
upper portion of the anti-cxposure suit for cooling the
10r50.

Afier sccuring the anti-g/exposurc suit, the pilot
donncd the wear protective trousers (WPT). Zippers
were located along the inside length so pilots could don

this garment while wearing (light boots. The WPT
protected the ventilation tubes and reduced the risk of
snagging the anti-g suit adjustablc straps (Figurc A14).
The anti-g suit connecting hosc and the ventilation hose
were routed through a slit in the 1c(t side of the WPT.
Figurc A1S shows the back of the WPT fiued on the
piloL

Next the pilot donned the anti-g/survival vest
which containcd air bladders to provide chest
counterpressure during periods of positive pressure
breathing. It was important that the anu-g vest (it
snugly to the pilot. To accomplish this, the anti-g vest
had adjustable laces on cach side (Figurc A16). The
design of these laces permitted rapid alterations when
the vest was worn by morc than one pilotorover a flight
jacket. A front view of the cnsemble, with the pilot
wcaring the helmet and mask, is shown in Figure A17.
This photograph shows the pilot autached to the
portablc blower used 10 ventilaie the TFCS on the
ground prior Lo cockpil ingress.
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LIFEDATA temperature sensing lead |

———

r Upper purtion of immersion suil._\ .

.‘
pd

3

Y

[ LIFEDATA electrical leads |

{ Ventilation hose to TFCS )

Figure A14 TECS Anti-g/Immersion Suitand WHET - iront




["Upper portion of immersion suit

i Anti-g suit hose
AN ,

Ventilation hose v~

Figuic A LS

Wear protective trousers ]

TFCS Anu-g/lmmersion Suit and WPT - Back




| Anti-g/survival veﬂ

Wear protective trousers |

Figure A16 TFCS Suit Components - Back
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APPENDIX B
AIRCRAFT CLASS II MODIFICATIONS




AIRCRAFT CLASS I1 MODIFICATIONS

Table B1 lists the componcnts included in the
aircraft Class Il modification.

Aircralt F-16B, S/N (1-0816, was modificd (o
support this test.  Both cockpits were modificd to
accommodatc a Clifion Precision modificd CRU-73/A
oxygen regulator. The regulators were modified by the
manufacturcr with internal relicf valves for venting
cxcessive back-flow pressurcs.  As a result of this
intcrnal modification, the integrity of these regulators
was not tesiable by standard Technical Order
proccdures. Attached to the back of cach regulator was
an clectrical solenoid. The solenoid was opened or
closcd by a PBG swilch located on the cockpit pancl
(Figurc B1). With the PBG switch in the “off"”
position, the oxygen rcgulator would not deliver
breathing gas at pressurcs greater than the standard
CRU-73/A oxygen rcgulator. Figure Bl also shows
the mechanical PBG conuol valve designed into the
Class 1l modification package as a safcty fcaturc.
When this mcchanical valve was opened (counter
clockwisc rotation), air was allowed to flow through a
senscline connecting the g-valve to the oxygen
regulator. Closing the valve stopped the flow of air.

The senscline mentioned above wasa flexible tube
installed between the g-valve and the oxygen regulator
for the purposc of sending a pncumatic signal from the
g-valve 10 the oxygen regulator (Figurc B2). Pressurc
transducers were located in-linc, onc ncar the g-valve,
and onc ncar thc oxygen rcgutator. These transduccrs

sensed pressure levels, (irst in the g-valve, and then in
the oxygen regulator. With the proper pressure signal
from the g-valve (based on g input), thc oxygen
rcgulator would incrcasc its breathing gas pressure
output to the pilot at pressurc levels greater than nonnal
but less than 60 mm Hg. Bccausc of this pressure
scasing system between the g-valve and the oxygen
rcgulator, a 3/8 inch diamcicr holc was drilled into the
check valve located in the anti-g suit hose conncctors.
With this hole in the check valve, the flow of air was
unrestricted through the conncctor.

A ventilation system was installed in cach cockpit
10 provide cooling air 10 pilots wearing the TFCS. This
system included a blower motor convolled with an
electrical “on/off" switch and connccting hosc. The
blowcr (fan) was located ncar the anti-g valve (Figurcs
B3 and B4) so that the anti-g hosc and venulator hose
would be bound togciker in the cockpits. The
ventilator hose attached to the TFCS via a siip
conncctor. This conncclor contained a sliding control
valve which permitted the pilot to regulate the flow of
cooling air into the suit.

Fleisch fow mclers were installed under the right
side pancls in-line between the oxygen regulator and
the pilot (Refercnce 8). Figurc BS shows the flow
meter during installation. The flow meters measured
and monitored the ratc and depth of the pilot's
breathing throughout the flight. This signal was
rccorded on the aircialt analog data tape.

Table B1

AIRCRAFT CLASS 11 MODIFICATION COMPONENTS

Component

Front Cockpit Rear Cockpit

Madificd oxygen regulator
Electrical PBG switch
Mcchanical PBG valve
g-valve pressure transduccr

02 regulator pressurce transducer
Flcxible senscline

Moadificd g-valve conncctor
Ventilator motor and hose
Fleisch fMlow meter

Flow meter pressure transducer
LIFEDATA circuit board box
LIFEDATA recorder

b B i
P i 3
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LIFEDATA, thec Swcdish stand-alonc
physiological data collection sysiem, was installed in
the rcar cockpit only. This system consisted of a box
of computer boards and intcgrated circuits (Figure B6)
mounted in the right rear side pancl. A Sony audio
casscuc tape recorder with an “‘onfoll” switch was
mounted in the left console (Figure B7) to record the
physiological data collecied during the flight. Scnsing

devices were placed on est pilots with clectrical leads
aached to a plug-in cannector on the right side pancl
of the aircraft,

Aircraft paramcters measurcd and recorded torusc
bty USAFSAM/VNL, Brocks AFB, Texas, and the
Swedish Air Force arc listed in Table B2.

Table B2

AIRCRAFT DATA TAPE. CODES AND PARAMETERS

- XX006
- XX005
- XX004
- 1IRO01

Cadc Parameter
-PDO10 - Calibrated airspecd
- DO - Pressure altitude
-PDO13 - Mach number
- ABO23 - Nomal siccleention
-BD100 - LIFEDATA PCM channcl

-MDI28 - Voice

- Anti-3 suit rcady pressure
- Otygen regulator pressure
- PBG (mask) Now mcler
-RIG“D™




NOLL IO DI YN VO D e Py ey st

% a. Ty o .’f:,’r,.f.a \ /
* : , P %ﬂﬁ 5
, o
! ..“.V., °
— ~ - .
, * N 12004 ’ ey L
A0SO ) IS I g ha,
F N . “a B : ~
....; . " ‘,M :‘\

...4....“...:14/ | N ....
TR
A RN .

S

'

-ttt

[TRIVAS A (R Jum_. R




(RN

(ISR TR A U _..__...:._. .:___.:f ) "

23183 Apd put oo

i

-
&

WAYHD S0 UL AP0
TR (TR Pruvd apis 1]



APPENDIX C
FLIGHT TEST MATRIX AND PROCEDURES




Table C1

TEST FLIGHT MATRIX

High-g/
Pllots FCF Baseline FAM Duration | ACM/BFM FEnscmble
AFIFIC A 1 F-16/PRG
[ 2 1 1 TFCS
AIFFICB 1 2* F-16/PBG )
2 1 TFCS
AFFICT 2 F-16/PBG
1 2 TFCS A
SAF 1 1° 14 TFCS
2 1 1 TFCS
SAF2 1e joe TFCS
1 2 2 TFCS

NOTES: Numbers i present number of Nights per pilot.
¢ Pilots ilow with standard anti-g suit, CSU-13B/P.
*¢ Pifots flcw with PBG off.




G-1

G-3

G-4

G-S

G-6

G-7

G-8

PROCEDURES FOR FLIGHT TEST

G WARM-UP MANEUVYER

Pcrform 4 g and 7 g wrns {or the g warm-up mancuver before commencing the test runs.
SUSTAINED G TURN

Pcrform a turn at the target g level. Hold g's through 180 degree heading change.
WIND-UP TURNS

Initiate a tum. Increasc load factor at a rate of 2 gfscc to warget g and hold for 10 scconds.
ABRUPT PULL-UP

Pcrform an abrupt, full aft stick pull-up, recavering at 60 degrees of pitch or 250 KCAS, whichever occurs
first.

TURN REVERSAL

Begin a turn at the indicaicd g level, altitude and airspeed.Perform an abrupt turn reversal, not cxcecding
the A/C asynimetric limit.

SLICE-BACK

Establish initial conditions. With power sct for level flight, roll to 135 degrees of bank and abruptly apply
afi stick as nccessary (0 maintain 6 g's. Hold for 180 degrees of heading change.

OFFENSIVE PERCH (LOW SPEED)

Low specd offensive perch cngagements will occur at altitudes as required 10 stay above 5000 AGL, at
speeds ranging (rom 250 knots to 350 knots, and at normal acceleration levels ranging from4to 6 g's
with the test A/C atlacking a cooperative target. The target A/C will tum on the test A/C''s call. The test
A/C will use whatever mancuvers are neceded to close for simulated missilc shot (FOX 1I). The cxereisc
will be terminated if ncutrality between A/C s achieved or there are 1wo successive vahid shots.

OFFENSIVE PERCH (HIGSH SPEED)

High speed offensive perch cngagements will occur at altitudes as required to stay above 5000 AGL, at
speeds ranging from 400 knots to 550 knots, and at normal acceleration levels ranging from 610 9 g's
with the test A/C attacking a cooperative target. The arget A/C will turn on the test A/C's call. The test
A/C will use whatever mancuvers are needed to close for simulated tracking guns shot. The excreisc will
be terminated if ncutrality between ARC is achicved or there arc two successive valid shots.
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G-9

G-10

G-11

PROCEDURES FOR FLIGHT TEST (Concluded)

DEFENSIVE PERCH (LLOW SPEED)

Low speed defensive perch engagements will occur at altivudces as required o stay above 5000 AGL., at
speeds ranging from 250 knots to 350 knots, and at normal acceleration levels ranging from 4 10 6 g's
wilh a cooperative target A/C autacking the test A/C. On the warget A/C’s call, it will attempt to closc on
the test A/C for simulated missile shot (Fox I1). The test A/C will usc whatever mancuvers are necessary
to ncgate the attack. The exercise will be terminated if neutrality between A/C is achicved or there are
two successive valid shots.

DEFENSIVE PERCH (HIGH SPEED)

High speed defensive perch engagements will occur at altitudes as required 1o stay above S000 AGL, at
speeds ranging from 400 knots to 550 knots, and at normal acceleration levels ranging from 6109 g's
with a cooperative target A/C atacking the test A/C. On the warget A/C’s call, it will atiempt to closc on
the test A/C for simulated tracking guns shot. The test A/C will use whatever mancuvers arce nccessary 10
ncgate the attack. The cxercise will be terminated if ncutrality between A/C is achicved or there are two
successive valid shots.

NEUTRAL ENGAGEMENT

Ncutral engagements will occur at altitudes as requirced 10 stay above 5000 AGL, at speeds ranging from
25C knots to 550 knots, and at normal acceleration levels ranging from 4 10 9 g's with a cooperative target
A/C. On the test A/C's call, the two A/C will scparate and begin the engagement as prebricled. Fach
A/C will mancuver as required to gain the advantage for cither simulated missile shot (Fox 113 or tracking
guns shol. Each A/C will use whatever mancuvers arc nccessary 10 negale the mancuvcers of the attacking
A/C. The excrcisc will be terminated if ncutrality between A/C is achicved or there are two successive
valid shots.
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FLIGHT TEST CONDITIONS

ALL FAM FLIGHTS AND THE FCE

Run No. Conditions Maneuver Procedures
1 4g'sflg's g Wam-Up G-1
) 2 3g's/0.8M Sustained g Tumn G-2
3 5g's/0.8M Sustaincd g Tum G-2
) 4 7g's/0.8M Sustained g Turn G-2
5 8g's/0.8M Sustained g Tumn G-2
6 9g's/0.9M Sustained g Tum G-2

7g's/0.8M Wind-Up Tum G-3 .
8 8¢'s/0.8M Wind-Up Tum G-3
9 Max g/0.8M Abrupt Pull-Up G4
10 Max g/0.9M Abrupt Pull-Up G4
1 3 ¢'s/0.5M Turn Reversal G-5
12 4 g's/0.5M Tum Reversal G-5
13 6g's/0.8M Slice Back G-6
NOTES:

1. Maintain Mach and altitude as required to sustain desired g-level.
2. Except for optional wingtip missiles, all stations clean.

3. Check "six"” often to cstablish baseline for luture comparisons.

4. Airrcfucl as required.




Run No, Conditions Maneuver Procedures
1 4g’s/lg’s g Warm-Up G-1
2 4-68's Offensive Perch (Low Specd) G-7
3 69g's Offensive Perch (High Speed) G8 )
4 4-6g's Defensive Perch (Low Speed) G9 .
5 69¢g's Dcfensive Perch (High Speed) G-10
6 4.9¢g's Neutral Engagement G-11

NOTES:

1. All mancuvers will be terminated so that the A/C will be recovered to level Nlight by 5,000 AGL.
. Mainiain Mach and altitude as required to sustain desired g-level.

. Except for optional winglip missiles, all stations clean.

. Prebricf all "knock it off™ critcnia.

Air refucl as required.

Repeat cngagements as necessary.

NI SRV I W N

All runs wrgeied for one successful complction; repeat run 6 a maximum of four (4) times.




HIGH-G/DURATION (TARGET 2+HRS)

Run No. Cunditions Maneuver Procedures
1 4g's/1g’s g Warm-Up G-1
2 7 8's/0.8M Susuined g Tum G-2
3 7 8's/0.9M Sustained g Tum G-2
. 4 8 g's/0.8M Sustained g Tum G-2
5 8 g's/0.9M Sustained g Turn G-2
6 9 g's/0.9M Sustained g Turn G-2
7 6 g's/0.8M Slice Back G-6
8 7 8's/0.8M Wind-Up Tum G-3
9 88's/0.8M Wind-Up Turn G-3
10 Max g/0.8M Abrupt Pull-Up G-4
11 Max g/0.9M Abrupt Pull-Up G-4
12 3g's/0.5M Elcvated g Roll G-5
13 4 2's/0.5M Elevated g Roll G-S
NOTES:

—_—

. Repeat runs 2 through 13 as often as necessary (0 atlain target time.

. Mission duration targeted for more than 2 hours but should not exceed 2.2 hours.
. Maintain Mach and altitude as required to sustain desired g-lcvel.

. Except for optional wingtip missilcs, all stations clean.

. Check "six" as required.

. Air refucl as required.

Rest as needed between lest runs.

. If fatigued prior to compleling card, "knock it off”" and retumn (0 basc.

=JE -  R. NV A . N

Provision for waler in a plastic water bottle.
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APPENDIX D
SUBJECTIVE QUESTIONNAIRES AND RESPONSES
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EVALUATION OF SYSTEM DESIGN AND INTEGRATION QUESTIONNAIRE

PILOT ID DATE
(initials) (day/month/year)

ARAARARARRARAAANARARARRARRNRARARRNARARRAARRRNAAANARRRARRRARARRAARAANAANRARAR

* ANSWER THE FOLLOWING QUESTIONS BY COMPARING THE TFCS TO THE "
* P-16/PBG ENSEMBLE. PLEASE CIRCLE THE APPROPRIATE NUMBER. * «
" COMMENTS ARE ENCOURAGED. *

ARBRRERNARKARRANARARRSCARAARARRAANRARRRRARARARRRRARARAANRRRANAANARNRAAARNAR

1. EASE OF DONNING I"W®R EODY ANTI-G GARMENT/WEAR PROTECTIVE TROUSERS.

Much worse Worse Same Better Much better

COMMENTS :

2. EASE OF BUTTING ON AND LACING YOUR FLIGHT BOOTS.

Much worse Worse Same Better Much better

COMMENTS :

3. FIT Or YOUR FLIGHT BOOTS.

) 2 3 4 5 6 7 8 .9
Much worse Worse Same Better Much better

COMMENTS :

4. EASE OF DONNING THE UPPER BODY G-VEST.

— e e e e e e e e an o e ME me o s wm am Em e e wt A o e e am E G e e -

Much worse Worse Same Better Much better

COMMENTS ¢




3322232223223 822222222 2222 2222222222 22232223 X 2222223222 3223 222822223 %

* ANSWER THE FOLLOWING QUESTIONS BY COMPARING THE TFC8 TO THE *
* F-16/PDG ENSEMBLE. PLEASE CIRCLE THE APPROPRIATE NUMBER. *
* COMMENTS ARE ENCOURAGED. *

RRARARNAARRRRRARAARAARANANANRANARRARRAAARNARARRANRARRARNARAARARRRANRRAANAAAR

S. EASE OF DONNING THE HELMET AND MASK.

e ey EE e e e Em En em G e Gt e G e e wm wm wm R EE M G e S e S eEe =

Much worse Worse Same Better Much better

' COMMENTS

6. EASE OF DONNING YOUR PARACHUTE HARNESS.

— e oy e e am e s e e e s e e e o s Em e . S e e ae e e em e e =

Much worse Worse Same Better Much better

COMMENTS :

7. EASE OF DOrrFING (UNDRESSING) THE TFCS.

Much worse Worse Same Better Much better

COMMENTS :

8. ABILITY TO BEND AT THE WAIST AND FLEX HI? AND KNEE JOINTS.

Much worse Worse Same Better Much better

COMMENTS :

9. ABILITY TO FLEX AND EXTEND UPPER EXTREMITIES.

e e e e wm s e e e em aw e e e ey e e e o Wt am e e o e o o e am - e

Much worse Worse Same Better Much better

COMMENTS :
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ARARPRANNAANAR R A BXANAAARARRAANRAARNNARARARARNAARARAARARRRRANANARRRRR RN RARA NS

* ANSWER THE FOLLOWING QUESTIONS BY COMPARING THE T¥CS TO THE *
* P=16/2BQ ENSEMBLE. PLEASE CIRCLE THE APPROPRIATE NUMBER. *
* COMMENTS ARE ENCOURAGED. *

ARRRNARANRARARRR AR RANXAARAAARRRRAARARAANRRARANAAARCRRAANRARRARARRAANRARRR

10. ABILITY TO PERFORM THX PRE-FLIGHT GROUND INSPECTION.

1 2 3 4 5 6 7 8 9

-— e me e Ew wm v am EE o emm e e WS Ga e e e wm fm o m e e e e mm e e e W

Much worse Worse Same Better Much better '

COMMENTS :

11. EASE OF INGRESSING THE FCv.

Much worse Worse Same Better Much better

COMMENTS :

12. EASE Or INGRESSING THE ACP.

— e mm e e en G e e e e ER em AR e e e G e Em o e R em s R e e e e =

Much worse Worse Same Bettex Much better

COMMENTS :

13. EASE OF SECURING LAP PELT AND CABLE/HOSE CONNECTICONS.

Much worse ' better

COMMENTS :

14. ABILITY TO LOWER CANOPY AND PERFORM APPROPRIATE COCKPIT CHECKS.

Much worse Retter Much better

COMMENTS :




ARRRARAAARRRAAARRARAN AR AR AANRRENRRARRERAARARARARARARAANRARRARRARRAR AN ARR

* ANSWER THE FOLLOWING QUESTIONS BY COMPARING THE TFPCS TO THE *
* §F-16/PBG ENSEMBLE., PLEASE CIRCLE THE APPROPRIATE NUMBER. *
* COMMENTS ARE ENCOURAGED. *

KRR RARRRARRARARARAAAARNR R AR RAARARRAANARAAANAARNRAARRARNRRRRRRRAAANAR AR

15. LIMITATIONS TO COCKPIT FIELD OF VIEW (TO SUPPLEMENT FOV WORKSHEET).

. 12 - 3 _ _ 4 ___5_ - _ _6__ _ 7 ___8_ _ _ 9
Much worse Worse Same Better Much better
; | COMMENTS: Visor distortion? YES NO (circle one)
Glare/reflection? YES NO

16. EASE OF ACCOMPLISHING POST-FLIGHT PROCEDURES.

- e o e e s e e e e R em e e e e e e e e e e A e mr e o e o —

Much worse Korse Same Better Much better

COMMENTS:

17. EASE CF EGRESSING THE FCP.

1 2 3 4 S ) 7 d o

- e e = mm wm Em e em e e e m e e e me em e M am e e e e e mm e e e .

Much worse wWorse Sane Better Much'better

COMMENTS :

18. EASE OF EGRESSING THE ACP.

e e = e e e e e e e e e e e am e e o e e e e e e o me = = -

Much worse Worse Jame Better Much better

COMMENTS :

19. ABILITY TO ACCOMPLISH EMERGENCY GROUND EGRESS FROM FCP.

- e Em e me Em e mm e e e R e M e wm an wm w e a Tw wm e e Gm e e e e e we

Much worse Worse Same Better Much better

COMMENTS :
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ARRRRAARRRAARRARAN RN RN RRANRANRAANARRARRNRARARNRAARANAARARRARARAARPRARN A AL

* ANSWER THE FOLLOWING QUESTIONS BY COMPARING THE TFCS TO THE *
* PF-16/PBG ENSEMBLE, PLEASE CIRCLE THE APPROPRIATE NUMBER. *
* COMMENTS ARE ENCOURAGED. *

ARKRRARRRARRARA AR A AN RN AANRRRAARRARARNRARANAARRARAANARA AR AR AR b d

20. ABILITY TO ACCOMPLISH EMERGENCY GROUND EGRESS FROM ACP.

- e . e m e e e e e Em m Ee e e e e Gt e e e m— o e em e e e e wm ae

Much worse Worse Same Better Much bettcer

COMMENTS :

21, OVERALL COMFORT OF THE TFCS OUTSIDE THE COCKPIT.

Much worse Worse Same Better Much better

COMMENTS:

22. OVERALL COMFORT OF THE TFCS WHILE SEATED IN THE COCKPIT.

_— — v e e e . emm e e et o e e e e e 4mm o am s e e Gpm e e wm e e

Much worse Worse Same Better Much hetter

COMMENTY :

23. LIST AREAS OF NOTICABLE PINCHING OR SINUDING FROM THE TFCS.

24. PERCEIVED LEVEL OF SWEATING IN THE TFCS.

Much worse Worse Same Better Much better

COMMENTS:




Table D1

EVALUATION OF SYSTEM DESIGN AND INTEGRATION QUESTIONNAIRE - RE.

SUMMARY
Rating Scale
) BT 2 cennn K ST 4 - .. .. § ceeeaf aooeeT eannn. 8 -0 9
Much Worse Worse Same Better Much Better
Question No. Pilot A Pilot B

1. Donning anti-g/immersion suit 3 3

2. Donning flight boots 3 3

3. Fiiof flight boots 1 5

4. Donning anti-g vest 7 5

5. Donning helme nask 8 4

6. Donning parachutc hamcss 3 5

1. Doffing TFCS 3 -

8. Lower body mobility 4 3

9. Upper body mobility h] 4

10. Preflight inspection 5 4 (
11. Ingressing front cockpil 4 1 |
12. Ingressing rcar cockpit 4 -

13. Sccuring connections 4 4

14. Cockpit checks - 3

15. Cockpit ficld of vicw 5 S

16. Preflight procedurcs 5 5

NOTES:
1. For queston 15, ficlds of view were rated the same because of the wear prolective rousers,

2. Dashes indicate no response,
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Table D1 (Concluded)

EVALUATION OF SYSTEM DESIGN AND INTEGRATION QUESTIONNAIRE - RESPONSE

SUMMARY
Rating Scale
1« -2 ccenen K SN 4 ----. § coceab onen- 7 ... 8 ----- 9
Much Worse Worse Same Better Much Better
Question No. Pilut A Pilot B
17. Egressing front cockpit 4 3
18. Egressing rear cockpit 4 3
19. Emergency ground egress - front 5 h)
20. Emcrgency ground egress - rear 5 5
21. Comlort outside cockpit 3 4
22. Comfort insidc cockpit 5 5
23. Arcas of pinching/binding none nonc
24. Sweating 5 J 5
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TFCS FUNCTIONAL EVALUATION QUESTIONNAIRE

PILOT ID DATE

(inicials) (day/month/year)

HAARANRRARAANARRARRARRARNAANRAANANAARANARRARARRARARAANAARNARNAAAARRRNARANANANAANAN

*®
*

*

ANSWER THE FOLLOWING QUESTIONS BY
CIRCLING THE APPROFPRIATE RATING.
COMMENTS ARE ENCOURAGED.

*
*

*

ARARRRAR R AR R AN RN AAN A AR RARAR R AR AR AARARRAARR RN RARRRNSIARRRANARAANRRRRR

DID THE

OXYGEN REGULATOR FUNCTION NORMALLY

WITH THE RED AND WHITE LEVERS SET IN THEIR
USUAL CONFIGURATION FOR ROUTINE TAKE-OFF?

DID THE
EACH OrF

a. RED
b. RED
¢. RED
d. RED

OXYGEN REGULATOR FUNCTION NORMALLY AT
THE FOUR TEST SETTINGS LIXSTED BELOW?

LEVER - up, WHITE LEVER - down
LEVER - up, WHITE LEVER ~ up
LEVER - down, WHITE LEVER - down
LEVER ~ down, WHITE LEVER - up

WITH THE G-VALVE ACTIVATED ("PRESS TO TEST"
BUTTON DEPRESSED), DID THE OXYGEN RE( ULATOR

DELIVEK

A NOTICABLY GREATER FLOW OF OXYGEN

INTO THE MASK?

a. RED
b. RED
c. RED
d. RED

LEVER - up, WHITE LEVER - down
LEVER - up, WHITE LEVER - up
LEVER - down, MHITE LEVER - down
LEVER - down, WHITE LEVER - up

WAS THERE ANY NOTICABLE INTERFERENCE OR

UNUSUAL

DEVIATIONS OF INSTRUMENT READINGS

FROM ROUTINE PRE-FLIGHT JETTINGS?

I1f so,

please identify them specifically below,
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Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes

No

No
No
No
No

No
No
No
No

No



5.

AARARERRRARARRARRARRAANAAAANRRAARAANANRARARNRRAARARAAARRRARRAAAARARAARRAR RS

* ANSWER THE FOLLOWING QUESTIONS BY *
had CIRCLING THE APPROPRIATE RATING. *
* COMMENTS ARE ENCOURAGED. *

ARRRARARNANA AR ARNRANANARCARR AT ANANRNRRRRNAANARNARNANARRARARRAARRAAAAPARAR A NN

DID THE BLOWER VENTILATE THE TFCS UNIFORMLY
TO ALL PARTS OF YOUR BODY? Yes No

If not, identify specific hot/cold areas.

COULD YOU ADJUST THE AMOUNT OF AIR BEING
BLOWN INTO THE TFCS (LEVEL OF VENTILATION)? Yos No

DID THE BLOWER ITSELF DISTRACT YOU IN ANY WAY? Yes No

IDENTIFY YOUR PERCEIVED LEVEL OF SWEATING JUST
PRIOR TO COCKPIT EGRESS. Dry

Mildly Damp
Damp
Wet

Soaking Wet
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Table D2

TFCS FUNCTIONAL EVALUATION QUESTIONNAIRE - RES'ONSE SUMMARY (BOTH PILOTS)

1. Did the oxygen regulator function normally with the red and white levers

sct in their usual configuration for routinc takeoff? Ycs
- 2. Did the oxygen regulator function normally at each of the four test setlings

listed below?

a. rcd lever - up while lever - down Ycs
* b. red lever - up white lever - up Yes

c. red lever - down  white lever - down Yes

d. red lever - down  white lever - up Yes

3. With the g-valve activated ("Press to Test" bution depressed), did the oxygen
regulator deliver a noticeably greater flow of oxygen into the mask?

a. rcd lever - up white lever - down No
b. red lever - up white lever - up No
c. red lever - down  white lever - dowa No
d. rcd lever - down  white lever - up No

4. Was there any noticeable interference or unusual devialions of instrument

readings from routine preflight scitings? Yes
If so, please identify them specifically below., *Sce Field of View
' S. Did the blower ventilate the TFCS uniformly to all pants of your body? Yes

If not, identify specific hot/cold areas.

6. Could you adjust the amount of air being blown into the TFCS (level of ventilation)? Yes
7. Dud the blower itself distract you in any way? Yes
8. Identify your perceived level of sweating just prior to cockpit egress. Mildly




FLIGHT TEST QUESTIONNAIRE

PILOT ID DATE
(initials) {day/month/year)
SORTIE
(number) "

ARRRANRNANAAANANRRRAARRRARAANARRRRARRARRRRRARAARNARRARARRARAARNANAAAARRAR K

* ANSWER THE FOLLOWING QUESTIONS BY COMPARING THE TIFCS TO THE o
* Fr-16/PBG ENSEMBLE. PLEASE CIRCLE THE APPROPRIATE NUMBER. *
* COMMENTS ARE ENCOURAGED. *

(2 22X R 22222 a2 X2 2 222 2222223222222 2232222223

1. PERCEIVED LEVEL OF ANTI-G PROTECTION.

— e e e e e e e e e e e e e e e e e e e e e em e Em e -

Much worse Worse Same Better Much better

COMMENTS:

2. MASK LIMITATIONS TO INSIDE COCKPIT FIELL OF VIEW.

— em e e e am e e e e e e e o e e e o e . e e a E— e. e S E— e am = -

Much worse Worxse Same Better Much better

COMMENTS :

3. MASK LIMITATIONS TO OUTSIDE COCKPIT FIELD OF VIEW.

- - e ma e e e wm em o e e = e mh e o am e o . e o A = e— — —

Much worse Worse Same Better Much better

COMMENTS :




AARNARARRARRRRRRARANAARRAAR AR RRRRRRARRANANAANARNARRAAAAANANRARARNNN AN RN

* ANSWER THE FOLLOWING QUESTIONS BY COMPARING THE TFCS8 TO THE *
* F-16/PBG ENSEMBLE. PLEASE CIRCLE THE APPROPRIATE NUMBER. *
* COMMENTS ARE ENCOURAGED. *

ARNBAARNARNNANRARRARRARNARARNRAANANRNARANARRAAARRNARARRAARAN AR ARRAAANRARNANARRR

4. EASE OF "CHECKING SIX".

Much worse Worse Same Better Much better

p COMMENTS :

S. LIMITATIONS FOR REACHING AND OPERATING COCKPIT SWITCHES AND CONTROLS.

Much worse Worse ) Same Better Much better

COMMENTS :

6. OVERALL COMFORT DURING THE FLIGHT.

Much worse Worse Same Better Much better

COMMENTS :

7. POINTS OF PINCHING/BINDING OR MINOR PAIN.

Much worse Worse Same Better Much better

COMMENTS :

8. OVERALL COMFORT OF THE HELMET

- e e e e e e e e e e e e e e e M em s e e e o m wm = e e

Much worse Worse Same Better Much better

COMMENTS :




ARAARARARARARANARAARARARRRARARANARARAENARNARAAARAANRAARAARNARARARARNR N AN

* ANSWER THE FOLLOWING QUESTIONS BY *
* CIRCLING THE APPROPRIATE RATING. *
* COMMENT S ARE ENCOURAGED. o

AARRAARRRAANAARARAR AR RAARA AR RRNA R ANRAARRRANRRAARARAANAARRAANARR AR AN

9. WERE THERE ANY HOSES OR CORDS YOU WOULD
CONSIDER AS RESTRICTIVE TO YOUR RANGE OF
MOTION IN THE COCKPIT? Yes Somewhat No *
COMMENT :

10. DID YOU NOTICE ANY HELMET “HOT SPOTS*"

ON THIS SORTIE? Yes Somewhat No
COMMENT :

11. WERE YOU DISTRACTED BY ANY IRRITATING
AREAS OF EXCESSIVE ITCEING? Yes Somewhat No
COMMENT :

12. DID THE BLOWER VENTILATE THE TFCS UNIFORMLY
TO ALL PARTS OF YOUR BODY THROUGHOUT THE
FLIGHT? Yes Somewhat No

If not, identify specific hot/cold areas.

13. COULD YOU ADJUST THE AMOUNT OF AIR BEING
BLOWN INTO THE TFCS (LEVEL OF VENTILATION)
DURING THE FLIGHT? Yes Somewhat No

14. DID THE BLOWER ITSELF DISTRACT YOU IN ANY WAY? Yes Somewhat No




AARRRRRRARRARRRARRRRRARAARRRARRNNARARRARARRAARARA AR

* THE FOLLOWING QUESTIONS ARE TO BE ANSWERED *

* AT THE COMPLETION OF FLIGHT TEST. *
ARRANRRRRRRARANNARARRNAARRRARRNANNRRRAANANARARS

15. IDENTIFY YOUR PERCEIVED LEVEL OF SWEATING JUST
PRIOR TO COCKPIT EGRESS. Dxy

Mildly Damp
Damp
Wet

Soaking Wet

16. WOULD YOU LIKE TO FLY IN THE TFCS ON EVERY
HIGH-G OR ACM/BFM SORTI1E? Yes No

17. WHAT DID YOU LIKE THE MOST ABOUT THE TFCS?

18. WHAT DID YOU LIKE THE LEAST ABOUT THE TFCS?

19. IN YOUR JUDGEMENT, IS THERE ANY DESIGN FEATURE OF THE TFCS WHICH MAY
INADVERTENTLY PLACE A PILOT IN AN UNSAFE SITUATICN THAT DOESN’'T EXIST
WITH CURRENT FLIGHT GEAR?

20. ON HOW MANY SORTIES DID YOU EXPERIENCE GREY OUT (LIGHT LOS8)?
WHAT WAS THE ESTIMATED & (PER CENT) LIGHT LO88?

7




Table D3

FLIGHT TEST QUESTIONNAIRE - RESPONSE SUMMARY

Rating Scale for Questions 1-8
| B 2+ J oo 4 ----- L 6 0. T eeeee 8§ ---.. 9
Much Worse Worse Same Better Much Better v
Pilot A Pilot B Pilot C '
Flight No. Flight No. Flight No.
Question No. 1{2(3|4]|85|1}|2{3 (45|61 |2]3]4
1. Anti-g protection 8131818813 (7172172171717 17]|8]F6
2. Inside field of view 71817 |88y 7133} -1-1-0-1-1|-1-+
3. Outside field of view 616j6l616]15|5|5)-1]-1]- . . -l -
4. Ease of checking six 616616713 (331313 ]|4]3(3]13]4
5. Reach in cockpit 4313|4413 {33 (3!3(3]3]|3]3]3
6. Overall comfort 6171717171 7;6|S5!5(3|6|]6]4]414
7. Pinching/binding S171718| 8133|5513 [6]3]|5]s51]3
8. Hclmet comfort 718 7{R|8}S]IStSs|-]-V-1-1|-1-

NOTES:

1. Dashes indicale no response,
2. All TFCS fNights.

3. Pilot B, flight 1, PBG failure.
4. Pilot A, flight 2, PBG failure.




Table D3 (Continued)

FLIGHT TEST QUESTIONNAIRE - RESPONSE SUMMARY

Rating Sc: le for Questions 9-14
v ) (N 2 caenn 3
Yo Somewhat No
Pilot A Pilot B Pilot C
Flight No. Flight No. Flight No.
Question No. 1 {23 (4|S5})112|]314]S85]6)1|2({3]|4
9. Mobility restriction 3313 (3 {313 |3 {3 13 (3|1]}tr{3}1]3
10. Helmet hot spots 3 13{313 (3843 ¢3v3!-1-1-1-tv-1-1-
11, Iiching 31313 131313131313 (31313 |31}13}3
12. Uniform ventilation 3111212131312 (2(2(21212131]°2
13. Venulator adjustable H 11111 11331 1 1 1 1 1 1 1
| !
14. Blower distracting 3131313 13)13}13 (313131313 13]1]2
NOTES:

1. Dashes indicate no response.
2. All TFCS flights.




Table D3 (Concluded)

FLIGHT TEST QUESTIONNAIRE . RESPONSE SUMMARY

Pilot A Pilot B Pilot C
Flight No. : Flight No. Flight No.
Question No. 1 213|4(s5]1 |23 |4|85]6]1([2}13]4 h
15. Level of sweating dampl * [ *j*(**|*ldryj*}*|* Jdryldry| > *
16. Always use TFCS yes |ycs|yesiyes!yes|yes|yes|{yes|yes|ycs[{no I no | no|nojno ‘
17. Like most about TFCS -g protection- -g protection- -g protection-
18. Like least about TFCS -bulk- -bulk- -bulk-
i9. Unsafe features -no- -no- -no-
20. Vision hight loss no |yes{no|no|nojyesjno |yes|yes|yes| nofyes| no |yes|yes
e o
NOTES:

1. The "*" indicatcs mildly damp.

2. Pilot A, flight 2, slight tunnel vision when TFCS PBG failed.
3. Pilot B, tunncl vision.
4
5

. Pilot C, slight wnnel vision.

. Pilot C felt onc should not commit to "always.”




Abbreviation

A/C
ACM
AFB
AFFTC
AGL
BFM
CAF
F-16/PBG
FAM
FCF
GLOC
8

HUD
HSD

K
KCAS
KIO
LIFEDATA
M

mm Hg
msl

Oz

PBG

PCM

LIST OF ABBREVIATIONS

Dcfinition

aircraft

air combat mancuvering

Air Force Base

Air Force Flight Test Center
above ground Icvel

basic fightcr mancuver

Canadian Air Force

F-16 pressure breathing for g's Might suit
familiarization flight

functional check flight

g-induccd loss of consciousncss
acccleration duc (o gravity
hcad-up display

Human Systems Division

onc thousand

knots calibrated airspeed

knock it off

physiological data collection system
Mach number

pressure in millimcters of mercury
mcan sea level

oxygen

pressure breathing forg's

pulse code modulation
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Abbrcviation
psi

SAF

SN

TAF

TFCS

TIS

USAF

USAFSAM

WPT

wuTt

LIST OF ABBREVIATIONS (Concluded)

Dcfinition Unit

pressurc in pounds per squarce inch inch?
Swedish Air Force .
serial number .
Tactical Air Force .--
Tactical Flight Combat Suit .-
test information sheet .ee
Unitcd States Air Force .-

Unitcd States Air Force .-
School of Acrospacc Medicine

wcear protective Lrousers .-

windup tum -
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FORT BELVOIR, VA 22060-6218

FROM: AFFTC TECHNICAL LIBRARY
412 TW/ENTL
307 E POPSON AVE, RM 110
EDWARDS AFB, CA 93524-6630

SUBJECT: Distribution Statement Revision (AD B139 099)

1. The following report distribution statement has been changed
from ““Further dissemination only as directed by HSD/YAL, Brooks
AFB, TX 78235-1503'!' to ~“Public Release; distribution
unlimited. "’

AFFTC TR 89-38
Limited evaluation of the tactical flight combat suit in the F-
16, by George B. Kemper. December 1989.

2. The report distribution statement revision was coordinated
with 311 HSW/YA, the Swedish government, and the F-16 CTF POC.
Please see the attached documentation from the Air Force Flight
Test Center Public Affairs Office, clearing the report for public
release (AFFTC/PA #04116, dated 12 May 2004).

3. If there are any questions, please contact me at DSN 527-3606
or {661) 277-3606.
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FROM: AFFTC/CT

SUBJECT: Assessment of Technical Information for AFFTC Public Release

1. Inaccordance with AFI 61-204, as supplemented by AFFTCI 61-2, and AFI 35-101, Chapter 15, public release
approval is requested for the following:

(X) Technical Report ( ) Technical Paper
( ) Joumal Article ( ) Briefing Slides
( ) Abstract ( ) Other

Title: AFFTC-TR-89-38, Limited Evaluation of the Tactical Flight Combat Suit in the F-16, by Georgy B.
Kemper and Alain B. Lacharite, December 1989.

Submittal deadline: None
Meeting/Date/Place: For Public Release

2. It was prepared:
In-house Author/Office Sym/Phone: Marc Trinklein (F-16 POC) 7-2805 and Ed George (Human Factors
POC) 77190, ext 2297. The controlling office for this report is the 311 HSW/Y APA and the POC is James
F. Gough, Chief, Aircrew Protection Branch, Brooks City-Base TX. This report was originally written as a
Jjoint effort with the Swedish government. Mr. Gough has obtained their concurrence that it is suitable for
public release. Mr. Gough requested that it go through the AFFTC security and policy review process.

3. The author has stated the attached document is unclassified, does not contain sensitive unclassified information,
and does not violate contractor propriety rights (if appropriate). The report is already in DTIC (ADB 139 099).

Technical Advisor
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